Introduction
Microtubules are essential for neurite outgrowth [ 11 and fast axoplasmic transport [2] . They constitute the spindles of dividing cells. They consist of polymerized tubulin and a number of microtubule-associated proteins (MAPs). Two MAPs, cytoplasmic dynein [3] and kinesin [4] are motors for retrograde and anterograde transport respectively. MAP 1 A, MAPIH (MAPlX, MAPS), MAP2 and tau are 'structural' MAPs which bind to microtubules, facilitate tubulin polymerization and are thought to cross-link microtubules to themselves or to other cytoskeletal filaments [ 51. Transfected MAP2 and tau, but not MAPlB, can bundle microtubules in COS cells [6] .
Results
Similarities between several high-molecular-mass MAPS Antibodies against high-molecular-mass MAPs, MAPlB, MAPS and MAPlX give different staining patterns on sections of young and mature rat brain.
I Iowever, MAP 1 X and MAPS co-migrate during SDS/PAGE. On Western blots of MAPs from 5-day-old brain, anti-MAP 1 X (mAbG 10) and anti-MAPS (antibody AA6) stain bands of the same width in exactly the same position. This is clearly distinct from the positions of MAPlA and MAP2 Both MAPlX and MAPS are heat labile which further distinguishes them from MAP2.
T o determine whether MAPlX and MAPS are antigenically related, immune precipitations were performed with anti-MAP 1 A, anti-MAPS and anti-MAI'lX (mAbG10). Western blots of immune precipitates using each antibody were divided into separate strips and challenged with each of the three antibodies. Immune precipitation with either anti-MAP5 or anti-MAPlX brought down protein reacting with both antisera, but not with anti-MAP1 A. Thus brain supernatant contains molecules bearing both the MAPS and MAPlX epitopes.
T o explore further the similarity between MAPS and MAPlX, the protein immune precipitated by each antibody was peptide mapped. Bands containing the immune precipitated protein were cut out of an SDSIPAGE gel and subjected to parAbbreviation used: MAP, microtubule-associated protein.
tial proteolytic digestion during subsequent electrophoresis. The peptide maps confirmed that MAPS and MAPlX are closely similar [7] .
Mouse MAPlB has been sequenced [#] and a partial cDNA clone from MAPlX has 92% sequence similarity with a section of the mouse sequence [9] .
Thus there is evidence that MAPS, MAP1X and MAPlB may be the same protein and that the heterogeneity in them revealed by monoclonal antibody staining is due, not to differences in primary sequence but to post-translational modifications. These three MAPs will subsequently be referred to as MAPlB.
Staining patterns of two antibodies against M A P I B
We have raised a polyclonal antibody against a fusion protein expressed from a partial MAPlH cDNA clone to study the distribution of MAPlH protein. The polyclonal antibody (anti-pMAP) labels axons, dendrites and cell bodies in frozen section throughout development [ 91.
Using monoclonal antibody mAbG 10 growing, but not mature, axons in the rat central nervous system are labelled. Thus a molecular change has been found in MAPlB which is probably important for axon growth. In cerebellum, a bright band covers the whole molecular layer on P6, but on P18 the band has contracted to a thin streak close to the pial surface where the last parallel fibre axons are still growing. There was no staining in the adult. Staining of the olfactory nerve fibre layer persisted in the adult rat as these afferents are regenerated throughout life. Staining in the hippocampus is at a maximum at P21 although here there is some residual staining in the adult, suggesting that MAPlR might have some involvement in processes such as memory which require plasticity in the hippocampus [ 10,113.
Regeneration in the peripheral nervous system
In the peripheral nervous system, there is a decline in staining with mAbG10 as development proceeds although it is still above background levels in the adult. After sciatic crush no change in staining is observed, suggesting that MAP1 B in these regenerating axons is different to that in growing axons [121. This is in contrast with some other molecules such as GAP43 whose expression in regenerating systems recapitulates that in axon growth [ 131.
The G I 0 *itope is not only present on axonal and dendritic microtubules
This epitope can also be seen in neuroblasts in the external granule cell layer of the developing cerebellum [ 141. Other antibodies have detected MAPlB in spindles [14] , in centrosomes [15] Arnold et al. [ 191 reported a diminution in MAPS and MAP2 staining in the subiculum of schizophrenic patients. Using the same antibodies, AP14 and AP18 against MAP2 and one of the antibodies against MAP5 (Matus), the same diminution of staining was observed but the effect was equally distributed between normal and schizophrenic patients (R. A. Calvert, I,. Harrison and R. W. Kerwin, unpublished work).
M A P I B in disease

M A P l B and neuronal polarity
Axons and dendrites can be distinguished in hippocampal cells in culture [20] . One day after plating, one of the short neurites which emerge from the cell body has started to elongate more rapidly and becomes the axon. After about 4 days, the other processes develop dendritic characteristics. Anti-MAP2 antibodies stain all the short neuritic processes until rapid elongation of the axon takes place [21] . MAbGlO also stains the short processes, suggesting that, at this stage, they have characteristics associated with both axons and dendrites. In some cases the distal, but not the proximal, ends of axons are stained by mAbG10, a phenomenon which has also been observed with anti-MAPlB antibody, 150 [22] . MAbG10 does not stain dendrites in hippocampal cultures. After 14 days in culture, axons are no longer stained (I,. Harrison, R. A. Calvert and G. Ranker, unpublished work). This corresponds to P16 in uiuo where there is still staining of the mossy fibres [ 1 11. In culture, axonal outgrowth may be affected by an absence of the target cells.
M A P l B and phosphorylation
In young rat brain, two MAPlB bands can be detected on Western blots by anti-MAPlB monoclonal antibody AA6 whereas in adult brain, only the lower band is visible. Alkaline phosphatase treatment of young rat brain supernatant can generate the band pattern observed in the adult, suggesting that maturation is associated with dephosphorylation of MAP1B [23] . In neuronal outgrowth in PC12 cells "241, and in neuroblastoma cells [25] , MAP 1 B becomes phosphorylated.
Frozen sections of young rat brain cerebellum stained with mAbG10 have been treated with alkaline phosphatase and staining is abolished, suggesting that mAbG10 binds to a phosphorylated determinant on MAPlH. However, on Western blots mAbG10 labels both the upper and lower bands of MAP1B [9] and also labels a recombinant fragment of MAPlB which is presumably nonphosphorylated (I,. Harrison MAPlB may not be in its native conformation on Western blots and, for this reason, mAbG10 was used to immune precipitate MAPlB from a rat brain supernatant. Both upper and lower (phosphorylated and dephosphorylated) bands of MAPlB were immune precipitated by mAbG 10.
Thus, phosphate dependence of mAbG10 binding to MAPlB is only observed on frozen sections, indicating that the conformation of MAPlB or another protein which binds to it, is lost when rat brain is homogenized [9] .
There are also a number of other antibodies against MAPlB which stain brain sections with a more restricted distribution than is shown by polyclonal antibody (anti-pMAP). First, antibody 1B6 labels growing and mature axons but not dendrites or cell bodies in rat brain [26] . Secondly, Ulloa et al. [27] have identified two modes of phosphorylation of MAP 1B. Antibodies have been described which label residues phosphorylated by casein kinase I1 (mAb125) and by a proline-directed kinase (mAb 1 SO) [22, 27] .
Using these antibodies, it has been shown that casein kinase I1 phosphorylation sites remain occupied during rat brain development whereas proline-directed kinase sites become dephosphorylated [27] . Depletion of casein kinase I1 by antisense oligonucleotides inhibits neurite outgrowth and causes dephosphorylation of casein kinase I1 sites on MAPlR [28] , providing further evidence for the importance of casein kinase I1 phosphorylation in neurite outgrowth.
Discussion
Different staining patterns on brain sections shown by a number of monoclonal antibodies led to the identification of several high-molecular-mass MAPS Volume 
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which are probably the same protein and will be referred to as MAP 1 R. These different patterns are probably due to the existence of differently phosphorylated forms of MAPlB. The restricted staining patterns (of axons alone, growing axons alone and distal axons) give indications about the function of each different post-translational modification. It is now known that sites on MAPlB phosphorylated by casein kinase I1 are preferentially dephosphorylated by phosphatase PP2A whereas PP2R is active on proline-directed kinase phosphorylation sites [29] . This means that the effect of each type of phosphorylation on the properties of MAPlB (such as its ability to polymerize tubulin) can be investigated. If all of the sites phosphorylated by one of the kinases can be identified and mutated, the mutated proteins could be expressed in cells to elucidate the function of each type of MAPlB phosphorylation.
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